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Abstract 


Natural bee bread contains various active ingredients, which can promote human health. However, the functional evaluation of bee bread is seldom reported. We 
conducted this study to evaluate the effect of natural bee bread on lipid metabolism using rats as model organism. 


Rats were treated with three doses of bee bread (80 mg/kg, 400 mg/kg and 800 mg/kg). A blank control group and a high fat model control group also were set up. 
The protein and gene expression of Fatty Acid Synthase (FAS), Acetyl CoA carboxylase (ACC) and lipoprotein lipase (LPL) in the liver tissue of rats were measured by 
reagent kits and real time quantitative PCR (RT-qPCR), respectively. The results showed that bee bread treatment groups significantly decreased the concentration of FAS 
and ACC in the liver (P<0.05). LPL was also reduced after bee bread treatment, even though the difference was not statistically significant from the high fat model group. 
The gene expression levels of FAS and ACC significantly declined (P<0.05) in all treatment groups compared with the high fat model group. It was concluded that the 
natural bee bread has a positive effect on the regulation of rat lipid metabolism, indicating that it is a promising lipid metabolic regulator candidate to treat hyperlipidemia. 


Practical applications: Our results show that it is a promising lipid metabolism regulator, and may be used to treat hyperlipidemia. 


Introduction 


Pollen is a male germ cell of flowering plants and contains 
abundant nutrients including protein, amino acids, vitamins, 
trace elements and flavonoids, etc [1]. Pollen is an essential 
food resource for pollinating insects. As an ancient pollinator, 
the honey bee has developed specific tissues and organs for 
collecting pollen through hundreds of millions of years of 
evolution, such as tarsus brush, pollex, bristles and pollen 
baskets. They can forage a large amount of fresh plant pollen 
as the basic nutrition source of protein needed for larvae and 
young bees [2]. However, pollen cannot be stored for a long 
time because of its high moisture content which makes it easy 
to deteriorate [3]. As a result, the honeybees collect and bite 
the pollen mass, wet it, add nectar and hypopharyngeal gland 
secretion, finally tamp it in the nest [4]. Perhaps this process 
leads to the production of bee bread. 


During the fermentation of pollen turning into mature bee 
bread, the moisture content and pH value gradually decrease to 
a suitable condition for long-term storage [4]. Therefore, bee 
bread has an excellent bacteriostatic effect [2]. Many scholars 
believe that the nutritional value of pollen will increase greatly 
after it is fermented into bee bread. This may be due to the 
fact that, during fermentation, proteins are cut into small 
polypeptides by Bifidobacterium, which are easily absorbed by 
the body [2,5,6]. The level of total sugar, hydrolyzed amino 
acids, flavonoid compounds, polyphenols, unsaturated fatty 
acids and other nutrients were all increased [7,8]. Bee bread is 
a distinctive product, which is very important not only for bees, 
but also for humans. In our previous study, bee bread shows 
an extraordinary effect on reducing blood lipids [10]. More 
importantly, it has antioxidant, anti-tumor and anti-cancer 
effects, and can prevent and improve cardiovascular disease, 
cancer and gastrointestinal disease [4]. 
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Hyperlipidemia is a disorder of lipid metabolism, and its 
clinical manifestation is that the levels of Triglycerides (TG), 
Total Cholesterol (TC) and Low Density Lipoprotein (LDL) are 
increased while the levels of High Density Lipoprotein (HDL) 
are decreased [9,10]. It is the ‘initiator’ of atherosclerosis, 
which can cause cardiovascular disease, fatty liver, cancer, 
Alzheimer’s Disease (AD), Parkinson’s Disease (PD), etc [11,12]. 
With the improvement of people’s living standards and changes 
of lifestyle, the incidence of hyperlipidemia is increasing 
yearly. There are many factors causing hyperlipidemia, 
including dietary habits, daily life, mental stress and social 
environmental factors [13]. Excessive lipid intake is one 
of the main factors causing hyperlipidemia. At present, 
hyperlipidemia in all age groups has an obvious rising trend, 
and has become an important public health problem, attracting 
extensive attention from scholars at home and abroad [14]. 


Recently, researchers have focused on the use of natural 
active ingredients, such as polysaccharides, flavonoids and 
polyphenols, to treat hyperlipidemia [15-17]. However, lipid 
metabolism in the liver is a very complex process, which is 
determined by many factors. Therefore, conducting a deep 
investigation of metabolic regulation mechanisms is the key 
to solve this problem. FAS and ACC are the key enzymes of 
fat synthesis. Overexpression of FAS results in the deposition 
of triglycerides in liver and blood [18]. ACC is a rate-limiting 
enzyme in the first step of fatty acid ab initio synthesis and the 
content of ACC restricts the rate of fatty acid synthesis [19]. 
Additionally, LPL catalyzes the hydrolysis of triglycerides in 
chyle particles and LDL. Deficiency of LPL leads to abnormal 
plasma metabolism [20]. 


In the current study, we quantified the effect of natural 
bee bread on liver lipid metabolism enzymes and relative gene 
expression in hyperlipidemia rats, to evaluate the potential for 
medical treatment of hyperlipidemia disease using bee bread as 
the active ingredient. 


Materials and methods 
Production of natural bee bread 


Natural bee bread was prepared with Natural Bee Bread 
Grain Producer from the fermentation of lotus pollen. Bee 
bread was stored in -18 °C refrigerator for experimental use. 
Then natural bee food was dissolved in pure water and used 
for intragastric gavage animals to ensure complete ingestion. 


Animals and treatments 


Fifty SPF rats (bought from Laboratory Animal Science and 
Technology Center of Jiangxi Chinese Medicine University, 
Certificate No. SCXK (GAN) 2018-0003) weighted 93.44+1.19 
g was used in this experiment. The rats were fed in room 
temperature (20-23 °C) and humidity (45-55%) with SPF 
barrier system. The rats were fed adaptively for four days, 
during which time they were free to criterion forage and water. 
To induce hyperlipidemia, 42 rats were fed with a high fat 
fodder (88.9% basic chow, 10% butter, 1% cholesterol and 0.1% 
extract) for 20 days. At the same time, eight normal rats as the 
blank control, were fed with basic diet continuously. After 20 
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days, serum levels of TC, TG, HDL and LDL were quantified 
in rats after an overnight fast. According to the TG levels, 32 
hyperlipidemia rats were randomly assigned to 4 groups: high 
fat model group (each rat was gavaged with 1 mL of water 
per day), three dose of bee bread (80 mg/kg-BW/d, 400 mg/ 
kg-BW/d and 800 mg/kg-BW/d) were fed to the remaining 
three groups hyperlipidemia rats respectively. The three 
groups are referred to as LBG, MBG and HBG respectively. All 
test substance and reference material were took gavage of the 
hyperlipidemia treatment rats while the blank control group 
rats were continuously provided with a basic feed during 
the whole trial period, but high fat diet was still supplied to 
the treatment group and high fat model group. Intragastric 
gavage was continuously conducted for 8 weeks. All rats were 
anaesthetized and sacrificed after the trial ended. The liver 
was removed and stored in the refrigerator at -80°C until it 
was used in the follow-up experiment. All of the experimental 
procedures outlined in this work were performed in accordance 
with current China laws on animal experimentation and ethical 
standards of animal ethics committee of Jiangxi Agricultural 
university (JKAULL-20180012). 


Biochemical analysis 


1 g liver tissue was taken and washed in pre-cooled PBS 
(0.01 mol/L, pH 7.2-7.4) to remove blood. Tissue blocks were 
moved into glass homogenizer, and 5-10 mL pre-cooled PBS 
was added to grind sufficiently. This process was carried out 
on ice. The mass-volume ratio of adipose tissue to PBS was 1:9. 
The obtained homogenate was frozen and thawed repeatedly 
for 2-3 times. The prepared homogenate was centrifuged for 
5 min at 5000 r/min. The supernatant was carefully collected 
and the levels of FAS, ACC and LPL were measured according to 
the instructions of ELISA kit (Shanghai Enzyme Link Biotech). 


RNA extraction and cDNA synthesis 


Pools of 50-100 mg livers were homogenized in liquid 
nitrogen using a pestle, and then were used for isolation of total 
RNA with 1 mL Trizol Reagent according to the manufacturer’s 
instructions (Trans Gen Biotech, China). RNA was reverse- 
transcribed using the Primescript reagent kit (Takara Biotech, 
China). During the first step, 11g of total RNA was mixed with 
1ynL gDNA Eraser (5x), 12L gDNA Eraser and 6yL RNase-Free 
water to a final volume of 20uL and incubated at 42°C for 5 min 
which aimed to remove DNA. Then the cDNA synthesis mixture 
contained of 10u1L first step reaction liquid, 11L Prime Script RT 
Enzyme Mix (1), 1pL RT Primer Mix, 4yL Prime Script Buffer 
(2), and 4 wL Rnase-Free water, so the finally total volume 
was 20UL. The mixture was incubated at 37°C for 15 min, and 
85°Cfor 5 sec. The cDNA was kept at -20°C until used for real- 
time quantification PCR. 


Primer design and RT-qPCR assays 


Quantification measurement of mRNA expression levels 
of the three specific genes was performed by RT-qPCR 
technology, using p-actin as an internal reference gene [21]. 
Primer sequences and GenBank number are summarized in 
Table 1. 
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Table 1: Gene-specific primer sequences and product size. 


con acc. 
Gene name Primer sequence Product size 


GGCATTATCTTGGAAGCGATGGGTA 
AAACTGCTCAGGACTGCGTGGG 
GATTTTTTGATTATGGCTCTTTCTC 


NM_017332.1 128bp 


eee TTGGCTTCAGAATCCAGGTTTG eee ee TP 
CCTGAAGACACAGCTGAGGA 
ret ACATTCCTGTCACCGTCCAT RUSE Ee 1278 


TCCTGGAATCGCAGATAGAATG 


ial ti 
peactin GGAAGGTGGACAAAGAAGCAAG 


AB023025 140bp 


The final volumes of all reactions in the system were 101L, 
which were carried out in a 96-well plate. The reaction mixture 
includes 5uL TB Green Mix (Trans Gen Biotech, China), 0.4 pL 
forward primer (100M), 0.4 wL reverse primer (10M) 0.2 pL 
Rox fluorescent dyes, 3L RNase-Free water and 1pL cDNA. 
The cycling procedures consisted of the following steps: initial 
temperature 95°C for 2 min, then the 40 cycles including 95°C 
for 15 sec, annealing for 30 sec at 55-60°C (FAS, ACC 60.5 °C, 
LPL 55.6 °C), and finally extension at 72 °C for 40 sec. 


Data analysis 


The relative gene expressions were calculated using the 
equation RQ=2™*" (fold) on the basis of the AACT-formula 
[22]. The variance of relative lipid metabolizing enzymes 
content and relative gene expression level was analyzed using 
ANOVA from the StatView 5.0 software (SAS Institute, Gary, 
NC, USA). 


Results 
The levels of FAS, ACC, LPL in liver tissue 


Compared with blank control group, the concentration 
of FAS and ACC were significantly increased in the untreated 
high fat model group (P<0.05), whereas liver LPL level was 
not significantly different (P>0.05). After treatment with the 
natural bee bread, the FAS concentrations in liver tissue of rats 
in three bee bread dosage groups were significantly decreased 
(P<0.05), and the ACC contents in liver tissue in middle and 
high bee bread dosage groups were significantly decreased 
(P<0.05) compared with the high fat model group. However, 
there was no significant differences (P>0.05) between the three 
bee bread dose groups and high fat model group with the levels 
of LPL in liver tissue (Table 2). 


Effects of bee bread on the expression levels of FAS 
genes, ACC genes, LPL genes in the liver tissue 


The trend of expression levels of FAS, ACC and LPL was 
consistent with the changes in the levels of the lipid metabolic 
enzymes encoded by each gene respectively. Compared with 
the blank control group, the expression of FAS gene and 
ACC gene in the liver tissue of model rats were significantly 
increased (P<0.05) by high fat diet. The high fat diet 
significantly decreased the expression of LPL gene (P<0.05). 
By contrast, three treatments with different doses of bee bread 
significantly decreased the FAS gene and ACC gene expression 
levels (P<0.05), but had no significant effect on the LPL mRNA 
expression levels (P>0.05) compared with the high fat model 
group (Figure 1). 
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Discussion 


Natural bee bread is a fermentation product of a mixture 
of plant pollen particles, nectar and bee secretions [23]. It is 
superior to bee pollen with better nutritional value, higher 
digestibility and richer natural active ingredients [24]. After 
fermentation by lactic acid bacteria, the cell wall of plant pollen 
was broken and a large number of nutrients were released 
which are better absorbed by the human body than pollen 
[2,25]. 


The lipogenic capacities of both the liver and adipose tissue 
are component amounts which are essentially controlled 
by FAS [26]. FAS in the liver has long been classified as 
housekeeping protein, which produces fat to store energy 
during periods of overnutrition. The primary product of 
the FAS reaction is palmitate (C16:0). Stearate (C18:0) and 
shorter fatty acids may also be produced [27]. Ob/ob mice have 
increased hepatic FAS gene expression as well as increased 
hepatic FAS activity and fatty liver compared to non-obese 
mice [28]. It has been reported that overexpression of FAS gene 
in human adipose tissue can increase the risk of obesity and 
prostate cancer [29,30]. FAS, a nearly-universal druggable 
target in many human carcinomas and their precursor lesions, 
offers new therapeutic opportunities for metabolically treating 
and preventing obesity, hyperlipidemia, diabetes and cancer 
(29,31). In addition, inactivating FAS in the hypothalamus 
prevents diet-induced obesity and systemic inflammation 
(32]. In this study, FAS content and FAS gene expression in 
rat liver tissue were significantly increased in high fat model 
group compared to blank control group, this is in accordance 
with previous studies [17]. Meanwhile, we also provided 
experimental evidence that bee bread has suppressive effects 
on adipogenesis by decreasing the production of FAS in the 
liver. Natural bee bread is enriched in flavonoids, polyphenols 
and unsaturated fatty acids, which can restrain fat growth and 
prevent hyperlipidemia [33,34]. 


ACC plays a unique role in lipid synthesis as the rate- 
limiting enzyme by catalyzing the first step of fatty acid 
biosynthesis to produce malonyl coenzyme A (MA), then 
to further form long-chain fatty acids, and finally to 
synthesize triacylglycerol and phospholipids. It can also 
regulate the conversion of carbohydrates to fat and store 
carbohydrate energy in the form of fat energy in the body 
(35,36]. There are two forms of Acetyl CoA Carboxylase 1 
(ACC1) and Acetyl Coa Carboxylase 2 (ACC2) genes in animal 
tissues, which catalyze two opposite metabolic reactions. 


Table 2: Effects of bee bread on activities of enzymes related to lipid metabolism 
regulation in rat liver. 


dose FAS level LPL level 
Loon | ne mg/kg Pee ree 


Control 12.92+0.87c 1005.55436.72b 90.4644.36b 
Model - 21.5741.33a 1218.90428.95a 98.3242.20ab 
LBG 80 16.43+0.53b 1109.26455.75a 100.1944.17a 
MBG 400 17.4041.32b 1031.19458.9b 88.4942.63b 
HBG 800 18.29+40.34b 978.41438.22b 88.7545.56b 


Note: Values are mean+SE (Standard Error of the mean). The means labelled with 
different letters in the same column are significantly different (P<0.05). 
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(A) 3. FAS 


Relative gene expression level 


Control Model LBG MBG HBG 


(C) 1.54 LPL 
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Control Model 
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(B) 44, 4CC 


Relative gene expression level 


Control Model LBG MBG HBG 


LBG MBG HBG 


Figure 1: Effects of bee bread on FAS, ACC, LPL genes expression levels normalized for one reference gene (B-actin). Values are Means+S.E. Different letters on top of bars 


indicate significant difference (P<0.05). In the y axis, target means the expression levels of FAS, ACC, LPL genes. 


ACC1 is widely distributed in the cytoplasm, mainly responsible 
for regulating the synthesis of long-chain fatty acids. On the 
opposite side, ACC2 is associated to the mitochondria and it 
play major roles in regulating the rate of fatty acid oxidation. 
Increasing evidence suggests that the ACC2 has attracted more 
and more attention due to its ability to block active sites in 
the treatment of obesity, diabetes and other metabolic diseases 
[37]. Therefore, these two carboxylases relate to energy 
homeostasis. Furthermore, ACC2 mutant mice have a normal 
lifespan and higher fatty acid oxidation rate and accumulate 
less fat, which means it also can protect against obesity and 
diabetes induced by high-fat/high-carbohydrate diets. Kim 
and coauthors [38] reported that ACC inhibition reduces 
hepatic steatosis but elevates plasma triglycerides in mice and 
humans. In this study, we also found that lower ACC content 
(except for the low dose of bee bread treatment group) and ACC 
gene expression in bee bread treatment groups than in the high 
fat model group. Additionally, the serum triglycerides in the 
treatment groups were also significantly decreased compared 
with the high fat model group in our previous research. The 
results reveal that the active ingredient in natural bee beard 
may be an excellent ACC inhibitor. The advantages of ACC gene 
and protein levels decreased were reduce obesity and prevent 
the onset of type 2 diabetes [39]. 


LPL involved in the conversion of dietary lipids into 
energy sources of peripheral tissues. Free fatty acids and TG 
were separated from chyle particles and very low density 
lipoprotein. Lipoprotein hydrolysis rich in triglycerides 
also releases apolipoproteins and phospholipids, which are 
precursors of High Density Lipoproteins (HDLs) [40-42]. HDLs 


are key component of reverse cholesterol transport, which 
carries cholesterol from peripheral cells to the liver where it is 
excreted via the bile. Therefore, an effective LPL is associated 
with lower triglyceride and LDL levels but higher HDL levels 
and is potential non-atherosclerotic protective effect [9]. The 
findings suggest that high fat diet could reduce LPL activity 
and LPL gene expression in rat livers compared with the 
control group. There was no significant difference between the 
treatment groups and the high fat model group. 


Overall, natural bee bread showed a positive regulatory 
effect on lipid metabolism in hyperlipidemic rats, which may 
inhibit lipid synthesis, indicating that it has a good prospect 
for development for treatment of hyperlipidemia. 
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